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1. STUDBACKGROUND

1.1. Introduction

Lake Barneyis a glacial kettlelake located south of CTH M in theural southeasterncorner of the City
of Fitchburg (City), as shown inAppendix A1l. The lake is part of an extended wetland complex
including Swan Pondto the west, which does not have a stmce water aitflow under normal
conditions. Since 2018, runoff and high groundwater from abnormally high rainfall hae raised water
levels in Lake Barney, causing the lake to find a surface water outflow for the first time anleast70
years, according to review of available aerial imagergFigure 1). The higher lake levels have caused
local flooding, loss of agricultural lands, loss of flood storage, and stormwater flooding downstream
in the Town and ViIIage of Oregon.

ol '—nguj‘

Figurel. Lake Barnewrea, Spring 201 adp image,typical) vs. Spring 202(®ottom image)
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1.2. StudyPurpose

The Gty hired EOR in Spring 2020 to conduct theake Barney Stormwater Managemerstudy, which
is a collaborative effort between the City and EOR buailso includes regular interactions with and
contributions from numerous stakeholders including impacted property owners, the Village of
Oregon and regulatory agency personel. The keystudy outcomes are:

x Conceptual designs of flooding mitigation alternatives
X e—cef—ctee "t0-—TF ficfob alternatives including — St 1+ S « «dption
X Cost-benefit analysesof the mitigation alternatives.

This report describes these outcomes and the stepsdiled to them, including field data collectiona
detailed analysis ofpast and present lake levels, groundwater and surface water modelinggsigning
alternatives, the costbenefit analysis, and conclusions and recommendations.
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2. DATA COLLECTION

EORthe City, and subconsultantgreated both field and desktopbased data during the StudyThis
included installing and monitoring groundwater wells, measuring outflow from Lake Barney,
collecting survey information on key hydraulic features, and performingan offsite wetland screening.

2.1. Monitoring wells

Four monitoring wells were installed to monitor groundwater levels near Lake Barney: two to the
west of thelake onU.S. Fish and Wildlife ServicBJSFWS)roperty, and two to the east of the lake
on Department of Corrections (DOC) property. DOC well instdlation required obtaining an
agreement for a temporary easement between the City and DO@sulting in those wells being
installed much later in the study. Well drilling and soil coring was performed by OnsSite
Environmental Services, IncThewells and aher field data locationsare shown onAppendix A 2 and
are described below.Water table measurements collected from the wells ardiscussedfurther in
Sections 3 and 4.

X MW1 (USFWS). Installed or6/22/20 to a depth of10 ft. Soil core consisted of alternating
sand and clay with occasional small graveDepth to water from ground surfacewas 4.0 ft at
the time of installation.

X MW2 (USFWS). Installed on 6/22/20 to a depth of1 ft. Soil core consisted of pure clay at the
surface with alternating gravelly sand and clay at depth&®epth to water from ground surface
was 4.2 ft at time of installation.

X MW3 (DOC). Installecbn 9/4/20 to a depth of 15ft. Soil core consisted of silty clay near the
surface and sand w/ small gravebelow, with decreasinggravel fraction at depth. Depth to
water from ground surfacewas 9.0ft at time of installation.

X MW4 (DOC)Installed on 9/4/20 to a depth of 15 ft. Soil core consisted of silty clay near the
surface and sand w/ small gravel below, with decreasing gravel fraction at depth. Depth to
water from ground surfacewas 11.8 ft at time of installation.

2.2. How measuremen$

We collected overflow discharge measurements ofour datesat the locations shown onAppendix

A2, which supplemented two previous measurements. The ptpose of measuring discharge was to
estimate flow coming out ofLake Barney duringdifferent times while it was overflowing, to help
calibrate both the surface water and groundwater modelingAs Table 1 shows, the highestmeasured
discharge at the Rotary Trail (approximately 8 cfs) occurred in March 2020during a snowmelt

period. The highest summer 2020 flow(4.7 cfs) occurred at the end of June aftabout S&y 6 '~ " f«ce <o
the preceding weekFlow had receded in midJuly, andhe overflow path was completely dry by mid

August as the lake had dropped below its naturalverflow point. We checked the site duringdter

visits through October 2020 and did not observe any additional active overflow from the lake.
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Tablel. Discharge measurements.

Date Flow Sourceand Notes
1/28/2020 ICERotary) RuekertMielke. Flow calculation basedn depth atthe culvertunder
3 cfs(Cusick) | Cusick
3/10/2020 ~8 cfs (Rotary) | RuekertMielke. Calculationdased on approximate velocigt Rotary
~7-8 cfs (Cusick)| Trailand measured depthat the culvert under Cusickaken during snow,
melt event
6/19/2020 0.2 cfs (Rotary) | EORROotaryTrail fow calculation based oapproximate velocity (too
0.3 cfs (Cusick) | shallow for current meter) and depth measuremen@usick flow based
on measured deptlat the culvertand rating curve (from Ruekert
Mielke).
6/30/2020 4.7 cfs (Rotary) | EOR. Rotary Trail flow calculation based on USGS protocols using to
6.8 cfs (Cusick) | setting wading rod and Pygmy current meter. Cubiaked ormeasured
depth atculvert Taken followinge i X 6} (_ @9 half pidiine.
7/16/2020 2.5 cfs (Rotary) | EORSame methods as 6/30.
3 cfs (Cusick)
8/18/2020 DRY (Rotary) | EOR. Nearesttandingwater §} Z}3 GEC A « fAii[ 8§} §Z A
0 (Cusick) smaller pond near Cusick, and water level was below the culvert inve
(no flow).Both sites were dry/not flowing osubsequenvisits through
October 2020

2.3. TopographicSurvey

The City collectedtwo rounds of topographic data for the project. The firstwas a survey of key
roadway culverts that direct flow towards Lake Barney, which we requested afteour preliminary
modeling and map reviewidentified likely culvert locations. The secondcaptured monitoring well
elevations so we could assign water table elevations and to survey the Rotary Trail overflow
geometry and elevationfor inclusion in the hydraulic model.

2.4. Offsite Wetland Determination

~

An 0 ‘" " ec«wdtldnd determination was performed by Heatland Ecological Group Inc. Trained
wetland personnel obtained all available aerial imagery forthe site andlooked through the record
for distinct areas with wet signaturesduring a variety of dry, normal, and wet years. These areas
were compared to mapped hydric soils and mapped wetlands in the Wisconsin and/or National
Wetland Inventory and were determined to be a wetland based on persistence of wet signhatures and
considering the available soil and wetland dataThe processdetermined the presence of likely
wetland areas, although someareas were flagged asneedng additional field verification for a
determination.

Because we did not get permission from Alpin®airy (at this time) to access their property and

review the preliminarily identified wetlands, the wetland determination report (Appendix B) is
attached aspreliminary . As seenon—S$ 0 "“e<—F f-Zfet t1e-inthe appenddq fouse —" 1
of the twelve distinct areas that sometimes showed wet sighatures were determined to hdentified

as wetlands. Three of thesdour wetlands (W-1, W-2, and W3) are directly along the current
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overflow route and near the likely gravity drainage route for an outlet project.These areas are to be
confirmed with an onsite review and/or formal wetland delineation, but for our purposes they
provided valuable information about potential routes, wetland impacts, and permitting challenges
for alternatives recommended in the study.

2.5. Site Visit Photo Compilation

Selected photos fromRFP reconnaissance (winter 2020) anduring project field work (summer-fall
2020) are attached asAppendix D. These portray the extent ofoverflow from Lake Barney and
ponded water downstream west of Cusick Parkway thatvere typical from 2018 to mid-summer
2020, and also show the progression from actively overflowingluring June and July to completely
dry starting in August following a period of dry and hot weatherAs shown in the final photos, the
overflow dried up sometime in lae July 202Q Lake Barney shrunk and theverflow area west of the
Rotary Trail was plowed for a return to agriculture, and the standing water on Alpine Dairy property
had completely dried up although it was likely wet at times following fall rains.
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3. LAKE LEVEDATA ANALYSIS

EOR reviewed historical and nevgtage data for Lake Barneto understand thefactors thatdrive high
lake levels evaluate groundwater-surface water interactions and to quantify the rate of lake level
drop that might be expected in the future iino outlet were to be constructed.

Lake level estimates were based on comparison of aerial photographs included in the RFP and
[f<Zf,ZF ‘o fof ‘—o—>ie f' ™c«-S —‘méasuferBents repdried’ by bthers
and new measurements conducted as part of this studyThe specific dates that many aerial
photographs were taken are not available, so dates were estimated based on conditions observed in
the photographs (e.g. leaves on or off trees; crops visible in fields

fetrtt ‘e fef ‘—e—>ie trBasedDigital Elevation Model (DEM) and the Lake Barney stage
Pt T —"ce% trtra =St TEUTZC™ 7% f—cte T fef fred> <o frUrUiScef—4f
point is located approximately 500ft west-northwest of where the overflow route crosses the Rotary
Trail (seeAppendix A 2).

3.1. Lake Barney Stageecord

Available information on the level of Lake Barneyextends from 1937 to 2020.Lake levels before
2018 were estimated from aerial photographqTable 2), with more recent lake levels measured by
stakeholders and by EORLake levels reported by othersand surveyed by the City of Fitchburg were
compiled into a time series representing best estimate of lake stage in 202Bigure 2). Thefull time
series ofestimated and measured data for 1937 to 2020 is shown dfigure 3, and the images are
attached asAppendix C .

Observationsabout historical lake stag data include the following:

From 1937 2005, observed levels were betweer®41 943 ft;

Lake stage was 946 ft in 2010 aftevery wet conditions in 2008;

The lake dopped to 941.3 ft in 2017,

The lake rose againn 2018, with peak in late 2018 of almost 949 ft

Lake overflow occurred continuously fromfall of 2018 through summer 2020 and
The lake droppedapproximately 1 ft from April  October2020.

X X X X X X

These data indicate that Lake Barney has risen several feefas little asa few months but that it has
taken several years for the water level to drofpack down to comparable levels.
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Table2. Historical Lake Barnestage observations

Estimated .
Date Stage(ft) Sourceand Notes*

7/1/1937 943 DCI Map aerial photoLeaves or& crops in fields.

7/1/1955 941.5 RFP aerial photo. Apprioxate elevation below 942 feontour.
Leaveson & crops in fields.

7/1/1968 941 RFP aerial photo. Apprioxate elevation below 942 ft contour.
Leaves on & crops in fields.

7/1/1974 942.5 DCI Map aerial photoLeaves or& crops in fields.

7/1/1976 941.7 DCI Map aerial photoStage lelow 942 ftcontour &higher than 1955 photo
Leaves or& crops in fields.

7/1/1987 941.5 RFP aerial photo. Apprioxate elevation below 942 ft contour.

Leaves on& crops in fields.

10/1/1995 942 RFP & DCI Map aerial photeaves off& standing corn.

10/1/2000 942 RFP & DCI Map aerial photieaves off

10/1/2005 943 RFP & DCI Map aerial photeaves off& standing crops.

9/15/2010 946 RFP & DCI Map aerial photeaves offor partially off, standing crops
stubble.

714/2013* 944 RFP aerial photoGreen fields, leaves o& macrophytesn lake.Date from
NRCS.

10/1/2014 943.5 DCI Map aerial photoLeaves off& standing corn.

10/11/2015 9415 DCI Map aerial photoDate from NRCS.

5/1/2017 941.3 2017LIDAR= 0 _ }ESZ}$urvBy a7 Fly Daneommencedn April
2017.

9/22/2017 ~943 2017 NAIPMain lake look®942-943 but pockets ofopen water andsaturated
areas appear at higher elevatioasd lake fringés unclear du¢o heawy
vegetation

7/1/2018 947 RFP & DCI Map aerial photeaves on, green field® macrophytesn lake

10/1/2018 948.8 Stage from AECOM. No daported; extreme high lake stages occurred in
October 2018.

10/10/2018* 948 Stage estimated fromhmptograph ofoverflowfrom RFmbefore trailwascut to
lower lake level

1/17/2019 947.5 Stageestimated from fnotograph ofoverflow from RFRifter trail cut.

5/31/2019* 947 Stage estimated fromhptograph ofoverflowfrom RFRfter trail cut.

12/26/2019° 947.7 Stagefrom R/M drone survey fovillage ofOregon.

7/16/2020 947.71 | stagesurveyed byCity of Fitchburg.

9/2/2020 947.13 | stagesurveyed by Moore Surveying for Thayer property.

* Known date reported by others.

77 1D % A vV WEpVEC[U %% ]VP %% 0] 3]}VV Z&W A ]5C[c E <pu 5 (}
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2020 Lake Barney stage data
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Figure2. Lake Barnegtage measurements2020.
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Figure3. Available lake level data for Lake Barney, 193320
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3.2. Comparison of Lake and Groundwater Elevations

Water table elevationsat monitoring well locations (Appendix A2) and Lake Barneylevels were
measured manually in June September2020 (Figure 4). In June and Julyhe water table elevation

at the USFWS property was higher than the lake stage, indicating groundwater discharge into the
lake. After several dry weeks in August, groundwadr dropped by approximately 1 ft, and the lake
stagewasabove groundwaterin August and Septembeincluding at the newly drilled DOC wellsThis
indicates seepage from the lake into the groundwatett is likely that the lake level fell more slowly
than the groundwater due tohydraulic resistance of finegrained lakebed sedimentindicating some
hydraulic disconnection between the lake and groundwater.

The drop of approximately 3.5- 4 ft from Lake Barney to the easternmost monitoring well on the
DOC propety (MW4) indicates a much steeper gradienaway from the lake in that direction than
toward the north and northwest. This reflects the regional flow direction toward the east and the
Oregon Branch of Badfish Creefind represents the natural subsurface groundwater drainage route
from Lake Barney.

949
948
947 B e
946
945
944

943 \

6/8 7/28 9/16 11/5 12/25

Water table elevation (ft, NAVD88)
=
A%

—s—MW1 (FWS west) —=—=MW2 (FWS east) —e—Lake Barney
——MW3 (DOC near) —=—MW4 (DOC far)

Figure4. Groundwater elevations in monitoring wells compared to Lake Barney level.

3.3. Lake Level and Precipitation Statistical Analysis

High lake Ekvels in 2010 and in 20182020 occurred in response to extremely high annual
precipitation across south central Wisconsirior multiple years (Figure 5). The high stage of 946 ft
in 2010 occurred after more than44 inches of precipitation fell at the Dane CountyAirport (Truax

Field) during both 2007 and 2008, compared to the londerm weather station average of about 33
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inchest. The even higher lake lesis in 2018 2020 have occurredduring 6 consecutiveyears with
38 or more inches of precipitation, including 506 inches in 2018.

Figure5. Annual precipitation in south central Wisconsin.

Although it is obvious thathigh lake levelsare driven by higher than averagerecipitation , additional

data analysis was conducted tgrovide information on the hydrology of Lake Barney and how the
lake level might change in the futureThis includes therelative contribution s of groundwater and

surface water to Lake Barneyand how long itmight take for the lake level to drop in the future if
drier weather conditions occur.

1 Annual Data Summary from Madison Dane County AirportTruax Field, Station WBAN 14837. Downloaded
from https://mrcc.illinois.edu/CLIMATE/welcome.jsp . Retrieval date Feb. 5, 2021.
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We followed the method of Smailand others?, which has found a strong correlabn between
groundwater fluctuations and rainfall across Wisconsin. Smailound that groundwater levels in
many parts of Wisconsin can be predicted byracking how monthly precipitation deviates fromthe
average precipitation over the past 5 yeargor 60 months). Periods of above averag@recipitation
tend to cause increasinggroundwater levels, and belowaverage precipitation periods tend to lead
to decreasing groundwater leves.

We applied this approach using monthly precipitation data from Trax Field in Madison(Figure 6),
the nearest weather station with the longest continuous precipitation record. The cumulative
deviation from the mean(CDM) precipitation was calculatedfor each monthby:

1. Calculatingthe mean precipitation for the previous 60 months;

2 fZ..—Zf—<2% —St t1 cf—c'o " =St .. —""Fe— o‘morfitimedn...c «—f—c'e "
3. Tracking the cumulative deviation from the mearfor each month;
4. Calculating the statistical zscore ~*” 1 f..S e‘e—=Sie . —e—Z7f—<"f TF cf—c's "7

(number of standard deviations above or below the megn

At Truax Field, cumulative departure from the Byear meanshows an increasing trend from1944
2020, with many fluctuations with wet and dry cycks. This pattern qualitatively compareavell with
groundwater trend data for Madison(Figure 7).

Lake Barney stage data plotted by its-gcore on Figure 6 show that low lake levelsbefore 1990
generally corresponded with negative cumulative deviationsrbm mean precipitation,and the recent
high lake stages correspond withvery high deviations above mean precipitation,as expected.
However, severallow lake stages observed since 200Bave occurredduring times with cumulative
deviations well above mean precipitation most notaldy in 2017. This lack of correlation between the

w—e—Zf—<"f i <= f=<e TETf—< e iBahindiedtionol edmplexsgrfuidetvater
hydraulics and the influence ofsurface waterinputs which have different timing than groundwater
fluctuations.

2 Smail, RA,AH Pruitt, PD Mitchell and JB Colguhoun, 2019. Cumulative deviation from moving mean
precipitation as a proxy for groundwater level variation in Wisconsin. Journal of Hydrology X 5.
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Cumulative Deviation from 5-yr Mean Precipitation
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Figure6. Cumulative departure from fear mean precipitation at Truax Field vs. Lake Barney Stage.

Figure7. Groundwater level trend in Madison (from USGS)
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3.4. Comparison with Other Waterbodies

We compartt fet frefsie e—f%f ™c«—S —St ZF"fZe 7 eff",> ™f_f" ‘tcte
insights into the relative roles of groundwater and surface water in lake level fluctuations. If
groundwater is the primary driver of lake level fluctuations, nearby waterbadies would be expected

to fluctuate similarly. A greater surface runoff influence on lake stage would be indicated by eofft-

sync fluctuations, because of differences in local rainfall, watershed area and other watershed
characteristics. Waterbodies revieved included Lake Harriet, located approximate 2 miles to the
southwest, and the pond at the Oakhill Correctional Institute located 0.7 mile to the northeaiee

Table 3). Over the period of review (2000 2018), Lake Harriet ranged from below 944 ft to
approximately 949.5 ft, andOakhill Pond ranged from below 931 ft to approximately 935 ft.

Of the 6 years eviewed, Lake Barney and Lake Harriet were at different parts of thefecent stage
fluctuation ranges on 3 of those dates. The biggest difference was in 2005, wheke Barney was at

a low stage of 943 ft and Lake Harriet was at a high stage of 948 fotlB lakes have large surface
watersheds with numerous partially closed depressions that affect watershed runoff. The stage of
the pond at the OakhillCorrectional Institute has tracked Lake Barneymore closely. These
observations suggest a mix adurface water and groundwater influence on the stage at Lake Barney.

Table3. Comparison ofistorical stages of Lake Barnegnd nearbywaterbodies

Year Lake Barney Lake Harriet Oakhill Pond
2000 942 ft(low) <944 ft 931 ft
2005 943 ft (low) 948 ft <931 ft
2010 946 ft(medium) <944 ft 935 ft
2014 943.5ft (low) 946 ft 9311932 ft
2017 9421t (low) 944 ft 931 ft
2018 948 ft(high) 949 5 ft 935 ft

Note: highlighted cells indicate other waterbodies at differefative stages than Lake Barney.

3.5. HistoricalRate of Lake Level Drop

Data onthe rate at which Lake Barney has dropped from previous high stages is informative
regarding what might be expected to occur in the future. Data are availaldter the high lake levelsin
2010and 2018 2020 (Figure 8).

After the high lake stageobservedin 2010, Lake Barneyfell 2 feet in 3 yearsduring 2011 2013.
During that period, annual precipitation at Truax Field in Madisorwas 34 inches(Table 4), slightly
above the longterm average of about33 inches. The lake fell an additional 2.5 feetduring 2014

2017, even though precipiation was above averag€40 inches). In total, Lake Barney dropped.5
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feet during the 7 yearsfrom 2010 2017, even thoughprecipitation was above averageluring that
period (37 inches). The average rate of lake level droguring this period was about 0.6 feet per year.

Lake level data for 2020 illustrate that the lake fell at a rate of 1.1 ft/yr from April 4 October 24.
Precipitation in 2020 to-date has been above averag®ith 32 inches recorded at Truax Field through
SeptemberDuring two shorter periods during 2020 with little to no rain, the lake fell at a faster rate.
The lake dropped 0.45 ft over 30 days during July and August (a period with high
evapotranspiration), and it dropped by 0.31 ft over 30 days in Septeber and October. While these
short-term rates equate to an annual drop of several feet per yeadirjs unrealistic to expect such high
rates to persist throughout a year except in extreme drought conditions.

Based on historical dataLake Barney might be expected to drofiom its current high level at a rate

of half a footto one footper year, during years when precipitation is closer tathe long-term average
than it has been recetly. At that rate, it would take2 4 years to dropto a stage of 945 ft and - 10
years or more to drop to 942 ft. Obviously, future weather conditions are unknown, and a wet year
and/or alarge storm could cause Lake Barney to rise again before it dropghese lower stagesNote
that the recent lake stage is higher than observed in 2010 and appears unprecedented in the
historical data record. It is possible that these prolonged high stages have altered the infiltration
capacity of the lakebed, and that future lake water levealrop could be slower than what occurred
between 2010- 2017.

950
Avg. of 0.67'/yr drop over
949 first 3 yrs (2010-2013)
Slightly above avg.

943 annual precip. (34")
— 947
E-:"946
an From Apr to Oct
1] 2020, dropped at a
5 945 rate of 1.1 ftiyr.
ﬁ 944 Slightly above avg.
© cip. during 2020

precip. during

= 943 . (32" through Sept.)

Avg. of 0.63'/yr drop over
942 next 4 yrs (2014-2017).

941 Above avg. annual

precip. (407)
940
2004 2008 2012 2016 2020

Figure8. Lake Barney water level recession, 262017 and 2020.
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Table4. Annual precipitation at Truax Field in Madison, 2012020.

Year Truax
2011 30.54
2012 26.36
2013 45.38
2014 35.31
2015 39.59
2016 45.56
2017 38.28
2018 50.64
2019 46.39
2020 38.92
Average 20112013 34.09
Average 20142017 39.69
Average 20112017 37.29
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4. GROUNDWATER AND SURFACE WATER ANALYSIS

4.1. Groundwater Analysis

The purpose of this groundwater analysis was tajuantify the seepage into Lake Barney that an outlet
and the downstream drainage systenwould need to accommodate.The approach used the Dane
County Regional Groundwatecomputer model developed in 2016 by theWisconsin Geological and
Natural History Survey (WGNHS) and the U.S. Geological Survey (U§@8iich is the best available
groundwater model of the area

Main steps in the analysis included:

1. Refining the model to better representLake Barney.

2. Simulating recent high groundwater conditions by increasing groundwaterrechargein the
model.

3. Calibrating the model to available lake outflow and groundwater level masurements.

Simulating construction of an outlet.

5. Quantifying the groundwater discharge through the outlet under the recent high
groundwater conditions at different lake stages, for use in the SWMM surface water model.

6. Identifying the area around Lake Barney where groundwater would be lowered due tutlet
construction.

e

4.1.1. Existing Condition$lodel Refinement

The existing regional groundwater modelcovers all of Dane County as was not designddr site-
specific analysis.Areas with numerous closed depressions such as Lake Barney amet well
represented, because the modetfloes not simulate overflow from the closed depressions which
actually occurs.As a resllt, the modeloverpredicts water levels at Lake Barney by80 ft (Figure 9).
After discussion with WGNHS staff who constructed the model, we refined the model around Lake
Barney to more accurately represent groundwatessurface water interactions for the purpose of tis
project.

3 Parsen, Bradbury, Hunt & Feinstein, 2016: https://wgnhs.wisc.edu/pubs/b10/
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Figure9. Water table contours from existing regional groundwater model.

Note largeerrors at Lake Barngyrior to refinement of model

Modifications to the existing conditions nodel included:

1. Adding Lake Barney asonstant head boundary conditioncells at elevation 947 ft.

2. Adding the overflow route asstream cells, using theSFR2package

3. Refining the hydraulic conductivity of surficial soils around the lake, includingemoving the
low conductivity lake bottom deposits andmaking those cellsthe same as theadjacent
material (glacial lake sediment in much of Lake Barney basioutwash sand and gravel &
east end ofthe lake).

With these modifications, the model (Figure 10) simulates the water table at realistic elevations
around the lakeand quantifiesflux into the lake and out the overflow route

The use of constant head cells to simulate Lake Barney is suitable for the purposes of this study but
has important limitations. The method is only appropriate if the water level in the aquifer is above
the lake; otherwise, the constant head cells would wuealistically raise the water table around the
lake because the model would simulate infiltration from the high lake into the aquifer. This was not
an issue for the wet conditions modeled in this study, because the water table was always simulated
to be higher than the lake.

Constant head cells also do not represent any hydraulic resistance between the aquifer and the lake.
The monitoring data demonstrate that there is some resistance between them by the observation of
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slightly higher water levels in the bke than the adjacent water table. To test the impact of this
simulation, we constructed models representing Lake Barney with river boundary cells. These head
dependent boundary cells simulate lakebed resistance to groundwater flow, calculating flux inttvé
boundary cells dependent on the head difference between the specified lake level and the head in the
underlying aquifer. We adjusted the lakebed conductance so that the head difference between the
lake and the adjacent water table matched the observedehd difference between the monitoring
wells on the USFWS property and Lake Barney. Simulations with a lake outlet using these models
yielded nearly identical predictions of groundwater seepage rates and water table drop as the
constant head modelsAs with the constant head models, the models using river boundary cells for
Lake Barney are only appropriate when the aquifer head is above the lake level; otherwise, the
boundary cells will infiltrate unlimited water into the aquifer artificially raising the wat er table.

Note that neither modeling method can predict the lake level for different recharge conditions, since
the level of the lake is specified in both methods. However, these models are useful for quantifying
the groundwater flow into the lake under dfferent lake level and recharge conditions.

FigurelO. Existing conditions model of Lake Barney and overflow route.

Constant head boundary cells representing Lake Barney at 947 ft sholue.iStream cellsepresenting overflow
route shown in green.
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4.1.2. Existing Conditions Model Calibration

The model was alibratedto field measurements of water table elevationand overflow discharge to
provide additional confidencein model predictions. Calibration was performedon recent high lake
stage because (1) overflow and groundwater elevation data are availabéad (2) it is important to
guantify how much groundwater would discharge through an outletunder high groundwater
conditions. The model wa calibrated to 2020 conditions, when the lake was at approximately 947 ft
and outflow discharge was 3 5 cfs.Note that some of this outflow could be the result of surface
runoff draining through the lake.

Recharge

The WGNHS calibrated the steadstate regional model to conditions between 2006 and 201,0when
Lake Barney was lowerTo simulate the recent high groundwater and lake conditions, recharge was
increaseduniformly across the model domain (i.e. the county) using a global multipliefhe degree
of recharge increasdn recent yearswas estimatedby reviewing nearby stream gage records, using
streamflow as an indicator of groundwater recharge.

The YaharaRiver watershed, which contains Lake Barnegnd covers much of Dane Countyvas the
initial areaof analysis for assessing increased streamflow andferred groundwater recharge.At the
USGS stream gage located on ti@hara River at Stoughtothe mean annual flow in2018 was29%
higher than the average flowfor 2006 2010, and the average flow 018 and 2019 was 48%
higher. The latter reflects an enormous amount ofdrainage flowing through the Yaharalakesin late
2018 and 2019due to runoffand sustained high lake levelselated to the record-setting August 2018
storm.

The Sugar River watershed to the westis another nearby watershed that is presumably
representative ofthe same recent weather conditions and increased groundwater recharge that have
affected Lake BarneylFor the USGS gage on tlgugar River at Veronathe earliest year of available
datais 2010. For the Yahara Riverthe 2010 annual flow wasclose tothe mean for 2006 2010.Thus,
2010 is a reasonable year to compare witR018 and 2019 at the Sugar River siteThe mean annual
flow on the Sugar River in 208 was 42% higherthan in 2010, and the mean from 2018 an@019
was 50% higher.

Gobal recharge multipliers of 1.3 and 1.5both produced reasonablefluxes through Lake Barney
with less than 1 cfs difference between themlThe multiplier of 1.5 resulted in excessive model run
times, probably because recharge that high is fgreater than the conditions to which the model was
calibrated. It should be noted that the model is stedy-state and represents conditions that would
occur applying the selected rechargéor an infinite period, rather than only a year or two. Therefore,
the multiplier of 1.3 was choserfor lake outlet evaluation.

Hydraulic Conductivity

The model overpredicted groundwater levels around Lake Barney, with heads above the ground
surface in many locations even after the addition of constant head cells to simulate the lake and

MARS-EOR: water | ecology | community Page | 19



stream cells to simulate the overflowThis suggested the hydraulic conductivity wasdo low in these
areas. We thereforencreasedthe hydraulic conductivity of the glacialtill uplands north, south and
east of Lake Barney by factor of twoto keep the water table below the ground surfacand more
closely match water table elevations meaged in monitoring wells (Figure 11). The new hydraulic
conductivity value of1 ft/d is well within the expected range for local glacial till deposits.

In addition, we removedthe till upland adjacent to theeastern shoreline of the lake and replacedit
with the higher hydraulic conductivity sand and gravelin surrounding areas of the model. Thisnade
the hydraulic conductivity more consistent with the materials observed in soil borings for the
monitoring wells on the Department of Corrections property, and itlowered simulated water table
elevationsto more closely matchthose measuredin monitoring wells MW3 and MW4

Hydraulic conductivity
increased from 0.5 to 1.0 ft/d

Low hydraulic
conductivity

area removed

MW2
947.2 ft
MW3
~946.2
MW1 MW4
947 ft 943.5 ft

Hydraulic conductivity
increased from 0.5 to 1.0 ft/d

Figurell. Calibrated existing conditions MODFLOW model and monitoring well data.
Hydraulic conductivity represented by color flogavith orange being highest and light green being lowest

Calibration Summary

The refined and calibrated model simulates reasonable groundwater levels around and flows out of
Lake Barney.Model sensitivity testing with recharge increased by30% - 50% ‘~1” —St Te
value for 2006 2010 predicts about 1.5 2 cfs of groundwater discharge. This is lower than
measured dry weather outflow, which was typically about 3 cfs in 2020However, i is likely that
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some of the measured outflow is surface runoff that halowed into Lake Barney andis draining
through the overflow, which is not represented in the groundwater model.

4.1.3. Groundwater Seepage with aB@utlet

We modified the model to represent Lake Barnewith an outlet to quantify groundwater seepageat
lower lake stageslLowering the lake level would increase the gradient frongroundwater into the
lake, resulting inhigher seepage rates. This information wagsed to construct a rating curve between
lake level and groundwater seepage for use simulating outlets with the surface water model.

The lowered lake levels were simulated with constant head cells, similar to the existing conditions
model. Streamflow cdls along the overflow route were extended westward to the lake shoreline and
lowered to represent the elevation of an outlet channellhe various pools west of Lake Barney were
simulated at their overflow elevations,with progressively higher elevations b the west.Simulations
were conducted for lake levels of 942 ft, 944 ft and 945 ft.

The greatest groundwater discharge occurs for the lake at 942 ft, due to the higher head difference
between the lake and surrounding groundwaterheads which arecalculated by the 2020 6 ™ £ -6
conditions model. Seepagento the various pools in the Lake Barney basirthat would ultimately
drain through an outletwas simulated to be 1.9 cfs and 2.9 cfs for recharge multipliers of 1.3 and 1.5,
respectively. This representsan increase ofapproximately 50% abovethe groundwater dischargeat

a lake stage 0947 ft.

It appears thatan upper estimate of groundwater flux into Lake Barney and through an outlet ranges
from 2 cfsat a stage of 947 ft to 3 cfs at a lake stage of 942 ft. This groundwater discharge would be
in addition to any surface water stored in the lakehat would alsodrain through an outlet

4.1.4. Groundwater Drawdown with an Outlet

The effect that lowering the level of Lake Barney with an outlet would have on the surrounding water
table during wet conditions was evaluated by comparing model simulations for existing conditions
(wit h the lake at 947 ft)and lowered lake levels (945 ft, 944 ft and 942 f). Simulated groundwater
elevations were imported in GISo0 construct water table surfaces for each scenario. The area where
an outlet would result in a water table drop of one foot omore was mappedor each outlet scenario.
The lower the lake level, the larger the area of water tablérop. The area wherewater table drop is
predicted to be one foot or more ranges fronapproximately 3000 acresfor a lake elevation of 942 ft
to 1000 acresfor a lake elevation of 945 fi{Figure 12 and Figure 13).

MARS-EOR: water | ecology | community Page | 21



Figurel2. Simulated groundwater drawdowrduring very wet conditiongor an outlet at 942 ft.

While an outlet that controls the elevation of Lake Barney will preventhe local water table from
rising substantially during very wet times, during years of normal or dry conditions the outlet wuld
function infrequently, likely only after large storm events. This would be especially true if the selected
overflow elevation is higher than 942ft, as there will likely be years where the lake fluctuates near
942 ft naturally based on the historical record.This would minimize drawdown impacts on surface
water bodies, water availability for crops and natural vegetation, privatewells, and other
groundwater-dependent activitiesduring dry periods.
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Figure13. Simulated groundwater drawdown during very wet conditions for an outlet 844 ft (top) and945 ft
(bottom).
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